This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



(19) 



J 



Europaisches Paten tamt 
European Patent Office 
Office europeen des brevets 



III 



(12) 



(43) Date of publication: 

06.06.2001 Bulletin 2001/23 



(n) EP 1 104 725 A2 

EUROPEAN PATENT APPLICATION 

(51) IntCU: B60R 21/26 



(21) Application number: 00122281.9 

(22) Date of filing: 19.10.2000 



(84) Designated Contracting States: 


(72) Inventor: Konja, Raad 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Farmington Hills, Michigan 48331 (US) 


MC NL PT SE 




Designated Extension States: 


(74) Representative: Wagner, Karl H., Dipl.-lng. et al 


AL LT LV MK RO SI 


WAGNER & GEYER 




Patentanwalte 


(30) Priority: 01.12.1999 US 452629 


Gewurzmuhlstrasse 5 




80538 Munchen (DE) 


(71) Applicant: TRW INC. 




Lyndhurst Ohio 44124 (US) 
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(57) A vehicle occupant protection apparatus (10) 
includes an occupant protection device (20), such as an 
air bag module, that is actuatable for protecting a vehicle 
occupant (14). The protection device (20) has first and 
second stages (44 and 46). A first driver (38) actuates 



the first stage (44) of the protection device (20) and a 
second driver (42) actuates the second stage (46) of the 
protection device. An enable arrangement (64) is re- 
sponsive to actuation of the first stage (44) of the pro- 
tection device (20) to enable the actuation of the second 
stage (46) of the protection device (20). 
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air bag module, that is actuatable for protecting a vehicle 
occupant (14). The protection device (20) has first and 
second stages (44 and 46). A first driver (38) actuates 



the first stage (44) of the protection device (20) and a 
second driver (42) actuates the second stage (46) of the 
protection device. An enable arrangement (64) is re- 
sponsive to actuation of the first stage (44) of the pro- 
tection device (20) to enable the actuation of the second 
stage (46) of the protection device (20). 
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Description 

Field of the Invention 

[0001 ] The subject invention relates to vehicle occu- 
pant protection device control, and is particularly direct- 
ed to control of a plurality of actuatable protection device 
stages. 

Background of the Invention 

[0002] Occupant protection systems for use in vehi- 
cles are known in the art. One example type of a pro- 
tection system includes an actuatable inflatable restraint 
device, which has an inflatable restraint cushion. The 
inflatable cushion is commonly referred to as an air bag 
and the device is referred to as an air bag module. 
[0003] A controller determines whether the air bag 
module is to be actuated to inflate the air bag within a 
vehicle passenger compartment. The air bag module is 
actuated by the controller upon the occurrence of a pre- 
determined condition for which a vehicle occupant is to 
be cushioned by the air bag. For example, when a crash 
sensor that is operatively connected to the controller 
senses a vehicle condition indicative of a vehicle crash 
condition, the air bag module is actuated. 
[0004] Actuation of the air bag module includes initi- 
ation of a source of inflation fluid. An inflation fluid 
source includes gas generating material and/or a gas 
storage container, in one example type, fluid source in- 
itiation involves ignition of an igniter via electrical actu- 
ation. Often the igniter is a pyrotechnic squib. When an 
air bag module containing a squib is to be actuated, an 
electric current of sufficient magnitude and duration is 
passed through the squib to ignite the squib. 
[0005] One particular type of air bag module is known 
in the art as a multi-stage system and includes a plurality 
of actuatable stages. Such a multi-stage air bag module 
typically includes two or more separate sources of infla- 
tion fluid controlled by actuation of associated squibs. 
[0006] Turning to the condition that results in air bag 
module actuation, the typical condition is a vehicle crash 
condition. It is common to use a crash sensor that is an 
accelerometerto sense the vehicle crash condition. The 
accelerometer is typically sensitive along a single axis 
(e.g., a fore-two-aft vehicle axis). Such an accelerome- 
ter can have a full-scale sensitivity of 50 G, but may not 
be sensitive enough to detect pre-crash braking. Often, 
it may be desirable to detect pre-crash braking (i.e., as 
a pre-crash cursor to a potential vehicle crash condi- 
tion). Also, rough roads may effect the accelerometer. 
The effect imposed upon the accelerometer by rough 
roads is inversely related to the sensitivity of the accel- 
erometer. 

[0007] In view of the characteristics of the accelerom- 
eter, there is often a need for a redundant "safing" crash 
sensor in some occupant protection systems. The ac- 
celerometer is a primary sensor in such a system, and 



both the primary and the safing sensor must respond to 
a condition (e.g., vehicle deceleration) that is indicative 
of a vehicle crash condition in order for the protection 
device (e.g., the air bag module) to be actuated. 
5 [0008] Turning again to multi-stage air bag systems, 
often it is desirable to initiate the stages at different times 
(e.g., second stage initiation subsequent to first stage 
initiation). It is known to control initiation of the multiple 
stages based upon a timer function, the idea being that 
10 a time period is tolled for a second stage while first stage 
initiation occurs. In one example, a timer for the second 
stage is started at a beginning of a crash event. How- 
ever, it is often difficult to monitor for the beginning of 
the crash event to start the timer. False starts (and 
15 stops) of the timer could occur due to spurious signals 
generated as the result of road noise. 

Summary of the Invention 

[0009] In accordance with a first aspect, the present 
invention provides a vehicle occupant protection appa- 
ratus. Protection means of the apparatus has first and 
second stages that are actuatable to protect a vehicle 
occupant. First stage actuator means actuates the first 
stage of the protection means, and second stage actu- 
ator means actuates the second stage of the protection 
means. Enable means of the apparatus is responsive to 
actuation of the first stage of the protection means and 
enables actuation of the second stage of the protection - 
means. 

[0010] In accordance with another aspect, the appa- 
ratus includes sensor means for sensing actuation of the 
first stage of the protection means. Enable means of the 
apparatus permits actuation of the second stage of the 
protection means in response to sensed actuation of the 
first stage of the protection means. 
[0011] In accordance with yet another aspect, the 
present invention provides a vehicle occupant protec- 
tion apparatus. The apparatus includes protection 
means that has first and second stages that are actuat- 
able for protecting an occupant. First stage initiator 
means is initiatable for actuating the first stage of the 
protection means. The first stage initiator means is ini- 
tiated in response to a flow of initiating electrical energy. 
Second stage initiator means is initiatable for actuating 
the second stage of the restraint means. First actuation 
determination means determines whether to initiate the 
first stage initiator means and provides an electrical po- 
tential for the initiating electrical energy. Safing means : 
operative in response to a condition indicative of a need 
to protect the occupant with the protection means, per- 
mits the flow of the initiating electrical energy from the 
potential to the first stage actuator means. Second ac- 
tuation determination means, responsive to the flow of 
the electrical energy initiating the first stage actuator 
means and responsive to the operation of the safing 
means, determines whether to initiate the second stage 
initiator means. 
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[0012] In accordance with still another aspect, the 
present invention provides a method of controlling a ve- 
hicle occupant protection apparatus that has a protec- 
tion means with first and second stages actuatable for 
protecting a vehicle occupant. The first stage of the pro- 
tection means is actuated. Actuation of the second 
stage of the protection means is enabled in response to 
the actuation of the first stage of the protection means. 

Brief Description of the Drawings 

[0013] The foregoing and other features and advan- 
tages of the present invention will become apparent to 
those skilled in the art to which the present invention 
relates upon reading the following description with ref- 
erence to the accompanying drawings, wherein: 

Fig. 1 is a schematic illustration of an occupant pro- 
tection apparatus, incorporating the present inven- 
tion, within an associated vehicle; 
Fig. 2 is a schematic diagram of components that 
are a portion of the apparatus of Fig. 1 ; 
Fig. 3 is a circuit diagram of a first stage actuation 
sensing and second stage enable portion of the 
components shown in Fig. 2; 
Fig. 4 shows time plots for signal values at various 
locations within the diagram of Fig. 3, with the signal 
values being associated with non -actuation of a first 
stage of the apparatus of Fig. 1 ; and 
Fig. 5 is similar to Fig. 4, but with signal values as- 
sociated with actuation of the first stage. 

Description of Preferred Embodiment 

[0014] An occupant protection apparatus 10 and an 
associated vehicle 12 (only partially shown) are sche- 
matically illustrated in Fig. 1 . The apparatus 1 0 is pro- 
vided for an occupant 14 (e.g., a front seat passenger) 
seated on a vehicle seat 16 within the vehicle 12. The 
apparatus 1 0 includes an actuatable occupant protec- 
tion device 20. For the purpose of illustration of the in- 
vention and not for the purpose of limitation, the specific 
example of the protection device 20 is a passenger side 
air bag module 20. 

[0015] Although the apparatus 10 is shown and de- 
scribed as including the single air bag module 20, the 
present invention is not limited to use with such an air 
bag module. The present invention is applicable to any 
actuatable protection device that has multiple actuata- 
ble stages and is applicable to a plurality of actuatable 
protection devices that are actuated in a sequence to 
provide stages. Examples of such occupant protection 
devices include a driver side air bag module, a knee bag 
bolster module, a seat belt lock module, a seat belt pre- 
tensioner module, and a D-ring adjuster module. Only 
the single air bag module 20 that has a plurality of ac- 
tuatable stages is described herein for simplicity of ex- 
planation. 
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[0016] Two sources 22 and 24 of inflation fluid (e.g., 
nitrogen gas) are provided within the air bag module 20 
to supply inflation fluid to an associated air bag 26. Such 
inflation fluid sources 22 and 24 are commonly referred 
5 to as inflators. Each inflator (e.g., 22) includes a stored 
quantity of pressurized inflation fluid and/or and inflation 
fluid generating material. The air bag module 20 is lo- 
cated within an instrument panel 28 of the vehicle 12, 
and the inflation fluid flow inflates the air bag 26 within 
10 an occupant compartment 30 of the vehicle 1 2, as will 
be appreciated by a person of ordinary skill in the art. 
[0017] Each inflator 22, 24 has an associated initiator 
32, 34 that is activated to initiate flow of inflation fluid 
from the respective inflator. Preferably, the initiators 32 
and 34 are igniters, and each igniter includes a pyro- 
technic squib. The first igniter 32 is activated by an elec- 
trical initiation signal 36 provided by a first driver 38 and 
the second igniter 34 is actuated by an electrical initia- 
tion signal 40 provided by a second driver 42. A first 
stage 44 of the air bag module 20 includes the first ig- 
niter 32 and the first inflator 22, and a second stage 46 
of the air bag module 20 includes the second igniter 34 
and the second inflator 24. 

[001 8] The apparatus 1 0 includes at least one sensor 
48 that senses a condition for which the occupant 14 is 
to be protected via actuation of the air bag module 20.. 
and provides a signal 50 indicative of the sensed con- 
dition. In one example, the sensor 48 is a vehicle crash 
sensor 48 that senses the occurrence of a vehicle crash 
condition. Preferably, the crash sensor 48 senses crash 
acceleration and provides a signal that has a character- 
istic indicative of the sensed crash acceleration. Crash 
acceleration sensors and their output signals can take 
any of several forms known in the art. The crash accel- 
eration signal can have an amplitude, frequency, pulse 
duration, etc. that varies as a function of the crash ac- 
celeration. 

[0019] A controller 52 receives sensory input (e.g., the 
crash acceleration signal 50) from the sensor(s) 48. The 
controller 52 performs a process (e.g., a crash algo- 
rithm) to make a determination as to whether the initia- 
tion signal 36 is to be provided to initiate the first igniter 
32 and thereby actuate the first stage 44. When the con- 
troller 52 determines that the first stage 44 should be 
actuated, a signal 54 is provided to the first driver 38. 
The controller 52 also makes a determination (e.g., per- 
forms a process such as a second algorithm) as to 
whether the initiation signal 40 is to be provided to the 
second igniter 34 and thereby actuate the second stage 
46. When the controller 52 determines that the second 
stage 46 should be actuated, a signal 56 is provided to 
the second driver 42. 

[0020] A safing sensor switch 58 is also connected to 
provide a signal input 59 to the controller 52. In one em- 
bodiment, the safing sensor switch 58 is a switch that 
closes in response to vehicle acceleration above a low- 
level threshold amount. The controller 52 utilizes the in- 
put 59 to verify the occurrence of a vehicle condition (e. 



EP 1 104 725 A2 



20 



25 



30 



35 



40 



45 



50 



3 



5 



EP 1 104 725 A2 



6 



g., vehicle crash) for which determinations regarding po- 
tential air bag actuation should proceed. 
[0021 ] Preferably, at least a portion of the determina- 
tion processes performed by the controller 52 is via a 
microcomputer of the controller. Although the use of a 
microcomputer is preferable, the invention is not limited 
to the use of a microcomputer. It is contemplated that 
discrete digital and/or analog circuitry could carry out 
functions performed by the microcomputer, and such 
circuitry can be assembled on one or more circuit boards 
or as an application specific integrated circuit (ASIC). 
[0022] A sensor arrangement 60 senses the actuation 
of the first stage 44 of the air bag module 20. Specifically, 
the sensor arrangement 60 senses the initiation signal 
36 that is provided to the first igniter 32. In response to 
sensing the actuation of the first stage 44, the sensor 
arrangement 60 provides a signal 62 to an enable ar- 
rangement 64. In turn, the enable arrangement 64 pro- 
vides a signal 66 to the second driver 42 that permits 
the second driver to provide the initiation signal 40 to 
the second igniter 34 (i.e., whether to actuate the sec- 
ond stage 46 of the air bag module 20). Thus, the first 
stage actuation (e.g., ignition of the first igniter 32 to 
cause inflation fluid flow from the first inflator 22) occurs 
as a prerequisite to the actuation of the second stage (i. 
e., ignition of the second igniter 34 to cause inflation fluid 
flow from the second inflator 24). It is to be noted that in 
a preferred embodiment, the sensor arrangement 60 al- 
so senses the signal input 59 provided by the safing sen- 
sor switch 58 to the controller 52. 
[0023] Attention is directed to Fig. 2, which shows a 
preferred embodiment of the sensor arrangement 60 
along with associated components within the first and 
second drivers 38 and 42. In the shown embodiment, 
the first and second igniters 32 and 34 are represented 
as first and second igniter squibs 32 and 34, respective- 
ly. 

[0024] The first igniter squib 32 is connected in series 
with two electronic switches 68 and 70 between a power 
source V+ and electrical ground. The first electronic 
switch 68 is a field effect transistor ("FET") or similar de- 
vice. The second electronic switch 70 is a NPN bi-polar 
junction transistor ("BJT) or similar device. When either 
of the two electronic switches 68 and 70 is in its "OFF" 
or "HIGH" impedance state, a firing current does not 
pass through the first igniter squib 32. Thus, the first ig- 
niter squib 32 only receives enough current to ignite if 
both electronic switches 68 and 70 are in their "ON" or 
"LOW" impedance states. 

[0025] It is to be noted that additional components 
(not shown) maybe connected to the first igniter squib 
32. Such additional components can include diagnostic 
components. A tow, non-firing current may be passed 
through the first igniter squib 32 for diagnostic purposes. 
[0026] An ASIC 72 of the first driver 38 operates the 
first and second electronic switches 68 and 70. When 
the controller 52 determines that the vehicle is experi- 
encing a condition that warrants deployment of the air 



bag module 20 via actuation of the first stage 44 (i.e., 
ignite igniter squib 32), the signal 54 is provided to the 
ASIC 72. In turn, the ASIC 72 provides a signal on an 
output line 74 to turn ON the first and second electronic 
5 switches 68 and 70. 

[0027] The safing sensor switch 58 is illustrated as a 
switch that is in series with a current limiting resistor 80 
between a voltage supply V 0D and vehicle ground. The 
resistor 80 is on the voltage supply side of the safing 
io sensor switch 58. The signal 59 is derived from a junc- 
tion between the resistor 80 and the safing sensor 
switch 58. When the safing sensor switch 58 is open (e. 
g., perceived acceleration is below a threshold value), 
a logic HIGH voltage value is provided to the controller 

15 52. When the safing sensor switch 58 closes (e.g., per- 
ceived acceleration is above the threshold value), a log- 
ic LOW voltage value is provided to the controller 52. 
The logic LOW is the signal input 59 that verifies the 
occurrence of a vehicle condition (e.g., a vehicle crash 

20 condition) for which determination regarding potential 
air bag actuation should proceed. 
[0028] A differential amplifier 86 of the sensor ar- 
rangement 60 has inputs 88 and 90 connected to ends 
of the first igniter squib 32. The differential amplifier 86 

25 monitors the current flow through the first igniter squib 
32. An example of a circuit for the differential amplifier 
86 is identified in Fig. 3. 

[0029] An output 92 of the differential amplifier (Fig. 
2) has a voltage. The output voltage is below a prede- 

30 termined voltage threshold in response to zero or rela- 
tively low current flow through the first igniter squib 32. 
Low level current flow may occur as a result of a diag- 
nostic current being passed through the first igniter 
squib 32. The output voltage of the differential amplifier 

35 86 is above the predetermined threshold level in re- 
sponse to current flow through the first igniter squib 32 
that is sufficient to cause ignition of the first igniter squib. 
[0030] The output 92 of the differential amplifier 86 is 
provided as a first input to an AND gate 94. An example 

40 circuit for the AND gate 94 is shown in Fig. 3. Output 
voltage of the differential amplifier 86 (Fig. 2) below the 
threshold level is interpreted by the AND gate 94 as a 
logic LOW, and output voltage of the differential ampli- 
fier above the threshold level is interpreted by the AND 

45 gate as a logic HIGH. 

[0031] A voltage comparator 98 of the sensor ar- 
rangement 60 has a positive terminal input 1 00 connect- 
ed to a reference voltage V REP . A negative terminal input 
1 02 of the voltage comparator 98 is connected to the 

so junction between the resistor 80 and the safing sensor 
switch 58. Thus, the negative terminal input 102 of the 
voltage comparator 98 receives the signal 59 regarding 
closure of the safing sensor switch 58. An output 1 04 of 
the voltage comparator 98 is provided as a second input 

55 of the AND gate 94. An example circuit for the voltage 
comparator 98 is shown in Fig. 3. 
[0032] When the safing sensor switch 58 (Fig. 2) is 
open, a voltage value derived from V DD is provided at 



4 



7 



EP1 104 725 A2 



8 



the second input 102 to the voltage comparator 98 and 
the output 104 from the voltage comparator is a voltage 
(e.g., zero) indicating a logic LOW. When the safing sen- 
sor switch 58 closes, the voltage at the second input 1 02 
of the voltage comparator 98 is zero and the output 1 04 s 
of the voltage comparator is a logic HIGH. 
[0033] An output of the AND gate 94 is the trigger sig- 
nal 62 and is provided as an input to a one-shot circuit 
1 08 of the enable arrangement 64. An example of the 
details for the one-shot circuit 108 is shown in Fig. 3. 10 
When both inputs of the AND gate 94 (Fig. 2) are logic 
HIGH, the output signal 62 of the AND gate is a logic 
HIGH and the one-shot circuit 1 08 is triggered. The one- 
shot circuit 108 latches ON for a predetermined period 
of time. 15 
[0034] I n the illustrated example, the second driver 42 
is somewhat similar to the first driver 38. The second 
igniter squib 34 is connected in series with two electronic 
switches 1 1 0 and 112 between the power source V+ and 
ground. An ASIC 116 of the second driver 42 controls 20 
operation of the first and second electronic switches 1 1 0 
and 112. 

[0035] The output of the one -shot circuit 1 08 is the 
enable signal 66 and is provided to the ASIC 1 1 6. In re- 
sponse to receipt of the enable signal 66, the ASIC 116 25 
is enabled to provide a signal to turn ON the first and 
second switches 110 and 112 to actuate the second 
stage 46 of the air bag module 20. 
Specifically, the enable signal 66 is provided to the ASIC 
1 1 6 to enable control of the first and second switches 30 
1 1 0 and 112. Thus, it is to be understood that the provi- 
sion of the enable signal 66 is a perquisite to the provi- 
sion of current flow through the second igniter squib 34. 
[0036] Fig. 4 shows an example of signal plots forvar- 
ious points within the example sensor arrangement 60 35 
shown in Figs. 2 and 3. The plots of Fig. 4 are for a sce- 
nario in which a diagnostic current through the first ig- 
niter squib 32 occurs coincident with a closure of the 
safing sensor switch 58 due to a disturbance such as a 
rough road. As shown in the signal plot for the differential *o 
amplifier output (i.e., output signal 92), the diagnostic 
current causes an output voltage (e.g., 1 .4 volts) that is 
greater than zero for a portion of time (e.g., approxi- 
mately 0.01 second). However, the output voltage from 
the differential amplifier 86 is below a threshold voltage 45 
level that the AND gate 94 uses to distinguish HIGH and 
LOW logic states. Thus, the output voltage from the dif- 
ferential amplifier 86 is interpreted as a logic LOW by 
the AND gate 94. 

[0037] The output of the voltage comparator 98 is a so 
steady-state zero volts while the safing sensor switch 
58 is open, and has a voltage (e.g., approximately 3 
volts) that exceeds a predetermined voltage threshold 
upon safing sensor switch closure. The voltage compa- 
rator output is interpreted by the AND gate 94 as a logic ^5 
HIGH when the voltage exceeds the predetermined 
threshold. However, the output of the AND gate 94 re- 
mains LOW because only one of the AND gate inputs 



is logic HIGH (i.e., the input provided from the differential 
amplifier 86 remains LOW). The one-shot circuit 108 is 
not triggered and the output of the one-shot, which is 
the enable signal 66, remains LOW. Thus, the second 
driver 42 for second stage actuation is not enabled. 
[0038] The plots in Fig. 5 are for the scenario in which 
the first stage 44 of the air bag module 20 is actuated 
(i.e., an initiation signal is provided to the first igniter 
squib 32). The output of the differential amplifier 86 re- 
flects the initiating current flowing through the first igniter 
squib 32. Specifically, the output voltage (e.g., approxi- 
mately 5 volts) exceeds the predetermined threshold for 
a duration of time (e.g., approximately 1 ms). The differ- 
ential amplifier output is interpreted to be a logic HIGH 
during the period in which the voltage signal exceeds 
the threshold. 

[0039] Also, the safing sensor switch 58 is closed to 
turn ON. The output of the voltage comparator 98 is a 
pulse having a magnitude of approximately 3V. Thus : 
the two inputs to the AND gate 94 are simultaneously 
HIGH and the AND gate outputs a HIGH pulse as the 
trigger signal 62. In response to the trigger signal 62, 
the one-shot circuit 108 turns ON and latches ON for a 
period of time. In the illustrated example, the latch ON 
time is for approximately 0.1 7 seconds. The enable sig- 
nal 66 enables the second driver 42 to provide the signal 
40 for second stage actuation if the signal 56 from the 
controller 52 is received within this time period. 
[0040] From the above description of the invention, 
those skilled in the art will perceive improvements, 
changes and modifications. For example, it is contem- 
plated that current flow through the first igniter squib 32 
may be sensed in manner different than described 
above. Also, the sensing of the current flow may be done 
without the use of component(s) for sensing activation 
of the safing sensor switch 58 and/or the second elec- 
tronic switch 70. Such improvements, changes and 
modifications within the skill of the art are intended to 
be covered by the appended claims. 
It should be noted that the objects and advantages of 
the invention may be attained by means of any compat- 
ible combination(s) particularly pointed out in the items 
of the following summary of the invention and the ap- 
pended claims. 

SUMMARY OF THE INVENTION 

[0041 ] A vehicle occupant protection apparatus com- 
prising: 

protection means having first and second stages 
actuatable for protecting a vehicle occupant; 
first stage actuator means for actuating said first 
stage of said protection means; 
second stage actuator means for actuating said 
second stage of said protection means; and 
enable means, responsive to actuation of said first 
stage of said protection means, for enabling actua- 
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tion of said second stage of said protection means. 

[0042] An apparatus including sensor means for 
sensing actuation of said first stage of said protection 
means and for providing a signal indicative of the 
sensed actuation to said enable means. 
[0043] An apparatus wherein said first stage of said 
protection means is actuated by a current flow, said sen- 
sor means includes means for sensing the current flow. 
[0044] An apparatus , wherein said first stage actua- 
tor means includes switch means operable for permit- 
ting the current flow, said sensor means including 
means for sensing closure of said switch means. 
[0045] An apparatus including determination means 
for determining whether to actuate said second stage of 
said protection means, said enable means including 
means for enabling performance of a determination to 
actuate said second stage. 

[0046] An apparatus , wherein said first stage of said 
protection means includes an electrically activated initi- 
ator. 

[0047] An apparatus including sensor means for 
sensing electrical activation of said initiator. 
[0048] An apparatus wherein said sensor means in- 
cludes a differential amplifier connected across said in- 
itiator. 

[0049] An apparatus wherein said first stage actuation 
means includes a switch for permitting electrical activa- 
tion of said initiator, said sensor means includes a volt- 
age comparator connected to said switch. 
[0050] An apparatus , wherein said enable means in- 
cluding means for providing an enable signal for a pre- 
determined duration in response to actuation of said first 
stage of said protection means. 

[0051 ] A vehicle occupant protection apparatus com- 
prising: 

protection means having first and second stages 
actuatable for protecting a vehicle occupant; 
first stage actuator means for actuating said first 
stage of said protection means; 
second stage actuator means for actuating said 
second stage of said protection means; 
sensor means for sensing actuation of said first 
stage of said protection means; and 
enable means for permitting actuation of said sec- 
ond stage of said protection means in response to 
sensed actuation of said first stage of said protec- 
tion means. 

[0052] An apparatus wherein said first stage of said 
protection means includes an electrically activated initi- 
ator, said sensor means sensing electrical activation of 
said initiator. 

[0053] An apparatus wherein said sensor means in- 
cludes a differential amplifier connected across said in- 
itiator. 

[0054] An apparatus wherein said first stage actuation 



means includes a switch for permitting electrical activa- 
tion of said initiator, said sensor means includes a volt- 
age comparator connected to said switch. 
[0055] A vehicle occupant protection apparatus com- 
5 prising: 

protection means having first and second stages 

actuatable for protecting an occupant; 

first stage initiator means initiatable for actuating 

10 said first stage of said protection means, said first 
stage initiator means being initiated in response to 
a flow of initiating electrical energy; 
second stage initiator means initiatable for actuat- 
ing said second stage of said restraint means; 

is first actuation means for determining whether to in- 
itiate said first stage initiator means and for provid- 
ing an electrical potential for the initiating electrical 
energy; 

safing means, operative in response to a condition 
20 indicative of a need to protect the occupant with said 
protection means, for permitting the flow of the ini- 
tiating electrical energy from the potential to said 
first stage actuator means; and 
second actuation means, responsive to the flow of 
25 the electrical energy initiating said first stage actu- 
ator means and responsive to the operation of said 
safing means, for determining whether to initiate 
said second stage initiator means. 

30 [0056] A method of control ling a vehicle occupant pro- 
tection apparatus that has a protection means with first 
and second stages actuatable for protecting a vehicle 
occupant, said method comprising: 

35 actuating the first stage of the protection means; 
and 

enabling actuation of the second stage of the pro- 
tection means in responsive to the actuation of the 
first stage of the protection means. 

40 

[0057] A method including sensing actuation of the 
first stage of the protection means and providing a signal 
indicative of the sensed actuation of the second stage 
of the protection means. 
45 [0058] A method , wherein said step of actuating the 
first stage includes actuating the first stage by a current 
flow, said step of sensing includes sensing the current 
flow. 

[0059] A method wherein said step of actuating the 
so first stage includes actuating a switch to permit the cur- 
rent flow, said step of sensing includes sensing actua- 
tion of the switch. 

[0060] A method , including determining whether to 
actuate the second stage of the protection means, said 
55 step of enabling including permitting the determination 
of whether to actuate the second stage. 
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Claims 

1 . A vehicle occupant protection apparatus compris- 
ing: 

protection means having first and second stag- 
es actuatable for protecting a vehicle occupant; 
first stage actuator means for actuating said 
first stage of said protection means; 
second stage actuator means for actuating said 
second stage of said protection means; and 
enable means, responsive to actuation of said 
first stage of said protection means, for ena- 
bling actuation of said second stage of said pro- 
tection means. 

2. An apparatus as set forth in claim 1 , including sen- 
sor means for sensing actuation of said first stage 
of said protection means and for providing a signal 
indicative of the sensed actuation to said enable 
means. 

3. An apparatus as set forth in claim 2, wherein said 
first stage of said protection means is actuated by 
a current flow, said sensor means includes means 
for sensing the current flow, 

and/or wherein preferably 
said first stage actuator means includes switch 
means operable for permitting the current flow, said 
sensor means including means for sensing closure 
of said switch means. 

4. An apparatus as set forth in claim 1 , including de- 
termination means for determining whether to actu- 
ate said second stage of said protection means, 
said enable means including means for enabling 
performance of a determination to actuate said sec- 
ond stage. 

5. An apparatus as set forth in claim 1 , wherein said 
first stage of said protection means includes an 
electrically activated initiator. 

and/or wherein preferably 
including sensor means for sensing electrical acti- 
vation of said initiator, 

and/or wherein preferably 
said sensor means includes a differential amplifier 
connected across said initiator, 

and/or wherein preferably 
said first stage actuation means includes a switch 
for permitting electrical activation of said initiator, 
said sensor means includes a voltage comparator 
connected to said switch. 

6. An apparatus as set forth in claim 1 , wherein said 
enable means including means for providing an en- 
able signal for a predetermined duration in re- 
sponse to actuation of said first stage of said pro- 



tection means. 

7. A vehicle occupant protection apparatus compris- 
ing: 

5 

protection means having first and second stag- 
es actuatable for protecting a vehicle occupant; 
first stage actuator means for actuating said 
first stage of said protection means; 

w second stage actuator means for actuating said 

second stage of said protection means; 
sensor means for sensing actuation of said first 
stage of said protection means; and 
enable means for permitting actuation of said 

15 second stage of said protection means in re- 

sponse to sensed actuation of said first stage 
of said protection means. 

8. An apparatus as set forth in claim 1 1 , wherein said 
20 first stage of said protection means includes an 

electrically activated initiator, said sensor means 
sensing electrical activation of said initiator. 

9. An apparatus as set forth in claim 8, wherein said 
25 sensor means includes a differential amplifier con- 
nected across said initiator, 

and/or wherein preferably 
wherein said first stage actuation means includes a 
switch for permitting electrical activation of said in- 
30 itiator, said sensor means includes a voltage com- 
parator connected to said switch. 

10. A vehicle occupant protection apparatus compris- 
ing: 

35 

protection means having first and second stag- 
es actuatable for protecting an occupant; 
first stage initiator means initiatable for actuat- 
ing said first stage of said protection means, 
40 said first stage initiator means being initiated in 

response to a flow of initiating electrical energy; 
second stage initiator means initiatable for ac- 
tuating said second stage of said restraint 
means; 

45 first actuation means for determining whether 

to initiate said first stage initiator means and for 
providing an electrical potential for the initiating 
electrical energy; 

safing means, operative in response to a con- 
50 dition indicative of a need to protect the occu- 

pant with said protection means, for permitting 
the flow of the initiating electrical energy from 
the potential to said first stage actuator means: 
and 

55 second actuation means, responsive to the flow 

of the electrical energy initiating said first stage 
actuator means and responsive to the opera- 
tion of said safing means, for determining 
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whether to initiate said second stage initiator 
means. 

11. A method of controlling a vehicle occupant protec- 
tion apparatus that has a protection means with first 5 
and second stages actuatable for protecting a ve- 
hicle occupant, said method comprising: 

actuating the first stage of the protection 
means; and 10 
enabling actuation of the second stage of the 
protection means in responsive to the actuation 
of the first stage of the protection means. 

12. A method as set forth in claim 1 1 , including sensing is 
actuation of the first stage of the protection means 
and providing a signal indicative of the sensed ac- 
tuation of the second stage of the protection means. 

and/or wherein preferably 
said step of actuating the first stage includes actu- 20 
ating the first stage by a current flow, said step of 
sensing includes sensing the current flow. 

13. A method as set forth in claim 12, wherein said step 

of actuating the first stage includes actuating a 25 
switch to permit the current flow, said step of sens- 
ing includes sensing actuation of the switch, 

and/or wherein preferably including 
determining whether to actuate the second stage of 
the protection means, said step of enabling includ- 30 
ing permitting the determination of whether to actu- 
ate the second stage. 
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